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RXTE has revolutionized our understanding of
thermonuclear bursts on neutron stars
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and when you think you’ve seen it all...



Burning regimes (a shell fiash in a nutshell)

mdot=accreted mass/time/area

(Eddington-normalized: mdot/m,,)

‘- Accretion flow
o
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Increasing mdot

Pic: Horowitz; Refs: Woosley & Taam (1976); Fujimoto ea (1981); Taam
(1981); Bildsten (1998); Cumming & Bildsten (2000); Woosley ea (2004)

*Unstable H burning:
mdot/m_,,<0.01

Thermally unstable H burning.

*Pure He ignition:
0.01<mdot/m_,,<0.04

He ignites in the absence of H.

*Mixed H/He ignition:
0.04<mdot/mg,<1

He ignites in a mix of H&He.

*Stable H&He burning:

mdot/m,,>1

Both H and He burn stably. No bursts.
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Where are the bursts at mdot > 10%Edd??




T5X2: smooth burst evolution
The Rise_an_d Fgll Qf TSXZS IX-raysl
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T5X2 vs. burning regimes

mdot=accreted mass/time/area *Unstable H burning:

(Eddinaton-normalized: mdot/m...) mdot/mg,;<0.01

m (10° g/s/em?) Thermally unstable H burning.

Previous (atoll) mHz QPOs?(Revnivtsev’01)
*Pure He ignition:
0.01<mdot/m_,,<0.04

Model (cBoo; X=0.1:2=0.02,Qb=0.1)
T5X2 data e
T5X2 fit —

| He ignites in the absence of H.
‘ He - H/He ignition transition!

*Mixed H/He ignition:
0.04<mdot/mg,<1

Increasing mdot

He ignites in a mix of H&He.
Marginally stable burning!

*Stable H&He burning:

mdot/m,,>1

h

Both H and He burn stably. No bursts.

Pic: Horowitz; Refs: Woosley & Taam (1976); Fujimoto ea (1981); Taam
(1981); Bildsten (1998); Cumming & Bildsten (2000); Woosley ea (2004)



T5X2: bursting by the book
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Asi explota una estrella de neutrones

r Por primera vez, cientificos han podido ver en uno de El «hombre de hielox
estos espectaculares «cadaveres» estelares lo que la
teoria predice. Cien kilos de materia impactan contra un
area del tamano de una moneda a cada segundo
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Cradit: NASMGogdard Space Fllyht Center una infeccion bacteriana, tenia los ojos
casiafnos y esta relacionada con los

modernos habitantes de Corcega y

Cerdefa
» Lamomia que sobrevivio a su destino

NASA
El plasma de una estrella vecina cae en la orbita de una estrella de neutrones, creando explosiones
Stars are stars because, deep in their innermost regions, where densities termonucleares
fusion, is normally hidden from view by the bulk of the star. But the end r
[f§] surface, where we call can watch it. These objects, called neutron stars, a
exhausted, when the star explodes as a supernova. But if the exploding sti pgr primera vez, un equipo de investigadores ha conseguido detectar
on the neutron star can be resuscitated by robbing mass from the compar i
; ; i todas las fases de la combustion termonuclear en una estrella de ¥ 2 COMENTARIOS
measurements, obtained by the Rossi X-ray Timing Explorer, of such a stt i ) 1 " ;
is accreting matter from the companion. As hydrogen-rich material from | neutrones, uno de los objetos mas espectaculares y grandiosos del e— «Todos los que estan por encima saben lo
pressure of this layer reach a critical value, hydrogen can start to fuse in Universo. La estrella, que se encuentra cerca del centro de la galaxia : que hay»
nuclear burning surface layer, which can eventually rebuild itself and stal en el ciimulo globular Terzan 5, ha reventado exactamente como los _ 7 Una potente llamarada solar interrumpe las
the rate of accretion onto the neutron star is high enough, the surface lay modelos predecian. EI descubrimiento, que aparecera publicado en n o |8 (0| B comunicaciones en Australia, China e India

Published: March 19, 2012 la la revista Astrophysical Journal, no solo servira para reforzar la B > IPad 3:lo que se sabe, lo que se sospecha
autoestima de los cientificos -«estabamos en lo cierto», podran ﬁ 1 95 4 Los 10 grupos que agitan la calle

decir-, sino que servira para explicar, precisamente, por qué esta rpor ,  Salen a la luz unas fotos intimas de Christina
actuacién estelar de libro no habia sido detectada hasta ahora. ‘ Hendricks, victima de unos hackers




T5X2: bridging the gap

B and spin between typical LMXB and HMXB values:
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Bildsten et al. (1997); Caballero & Wilms (2011);

Papitto et al. (2011); Miller et al. (2011)
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B needed to stabilize burning (below 0.5 L_,,) Is at least ~10%° G.
Did we underestimate influence of fast spin on burning regimes?



Summary & Conclusions

Unprecedented thermonuclear burst behavior from Terzan 5:
* mHz QPOs close to the expected stability boundary
* Qualitative agreement with theory - low spin?
* Quantitative discrepancy with theory - extra heat?

Millihertz Quasi-periodic Oscillations and Thermonuclear Bursts from Terzan 5:
A Showcase of Burning Regimes (Linares et al. 2012, ApJ, 748, 82)

RXTE kept surprising us 15 years after launch - Future is bright!!
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